Exposure to whole cigarette smoke from reference cigarettes results in the prompt (peak activity is 6 hrs), but fairly weak (-2 fold), induction of murine pulmonary microsomal monooxygenase activity. This activity can be detected by using as substrates either benzo(a)pyrene or ethoxyresorufin, and can be inhibited by treatment with cycloheximide or actinomycin D. Unlike the induction of pulmonary monooxygenases following intratracheal administration of 3-methylcholanthrene, these cigarette smoke-induced increases were not unequivocally linked to the Ah locus.
Introduction
Cancer is not randomly distributed among the human population (1) , rather, both environmental (2) and genetic (3) (4) (5) factors strongly influence its occurrence. Lung cancer is a specific example of a neoplasia whose occurrence is nonrandomly distributed. Its incidence is often associated with cigarette smoking (6) , but the actual role that tobacco smoke or smoke-related chemicals play in this association is unclear.
A potential role of tobacco smoke involves interaction with those microsomally-bound mono- oxygenases that seem important in determining susceptibility to chemically-induced cancer in model animal systems (7, 8) . These enzymes are important because not only do they metabolize many environmental chemicals, but also naturally occurring variations in their steady-state levels are genetically linked with susceptibility to toxicity, mutagenesis, and carcinogenesis induced by many of the same chemicals (7, (9) (10) (11) .
Three basic questions can be addressed concerning the role of tobacco smoke in cancer susceptibility in man: (a) Does tobacco smoke contain chemicals that interact with the microsomal monooxygenases? (b) If Kinetics of increase of pulmonary AHH levels in C57BL/6 (B6), DBA/2J (D2), and C3H/fCum (C3) strains of mice exposed to I A I cigarettes are shown in Figure 1 . Results suggested that there were rapid increases in pulmonary AHH activity that peaked by 6 hr post-exposure, and that these induced enzymes remained at this level for at least 24 hr. The D2 strain was virtually nonresponsive to this smoke exposure compared with B6 and C3 strains; this result paralleled that found when a polycyclic aromatic hydrocarbon (PAH), 3-methylcholanthrene (MC), was given intratracheally to the same strains (see Fig. 1 ). However, the kinetics of induction of pulmonary AHH by smoke are different from those obtained when MC was used as an inducer. The peak of activity in the smoke induced lungs occurred at 6 hr (vs. 24 hr for MC). Also the half-life of the smoke-induced enzyme was much longer (-24 hr vs. -4 hr). Finally, these smoke exposure conditions did not induce the AHH activity in liver, colon, and kidney (data not shown) whereas MCtreatment did; moreover, filtered smoke (gas phase) did not induce enzyme activity in lung, liver, or gelatin-saline solution intratracheally (IT) as described previously (12) and sacrificed at the time periods specified or exposed to four cigarettes from a Walton smoking machine employing a 2-sec puff, 10%, smoke, 30-sec exposure, and 30-sec purge (13) . Mice were given a 2-min rest period before exposure to the next cigarette and were sacrificed at varying times after the fourth cigarette. Lungs were excised and frozen at -70°C until assayed. AHH units are expressed as nmole 3-OH-BP formed/min/g wet weight tissue (12 Table 1 ).
Although tobacco smoke induced AHH activity in the B6 strain preferentially to the D2 strain, the genetic basis for this difference may not be the same as that for the difference in AHH activity induced by MC. Figure 2 shows that, whereas MC given intratracheally to (B6D2) F1 x D2 progeny induced pulmonary AHH activity in approximately 50% (13/29) of the mice (12, 13) , no clearcut discrimination was observed in the smoke-exposed animals. However, it may be that the inducing capacity of cigarette smoke for pulmonary tissue is just too low to easily evaluate its genetic regulation.
Whole tobacco smoke can be collected by condensation with the use of Dry Ice, and this cigarette smoke condensate (CSC) or fractions derived therefrom (23) can be evaluated for potential biological effects. The fractionation scheme and (14) .
" AHH units are expressed as nmole 3-OH-BP formed/min/g wet weight of tissue. Average activity of three animals.
' O-Deethylase units are expressed as nmoles resorufin formed/min/g wet weight of tissue according to the procedures of Burke and Mayer (15) . MC and (bottom) whole cigarette smoke. Animals were generated and housed as described before (12) . Inoculation of MC and smoke exposure was given as described in legend to Figure 1 . AHH activity was determined 24 hr after IT instillation of MC and 6 hr after exposure to cigarette smoke. Mean and standard deviation is given for the MC-treated populations that are representative of the nonresponsive (0.23 + 0.10) and responsive (0.95 + 0.30) populations.
nomenclature were as described by Swain et al. (26) . Table 2 ). This implies that CSC contains not only chemicals that induce pulmonary AHH, but also chemicals that are potential substrates for these enzymes.
What Are Some in Vitro and in Vivo Effects of Tobacco-Related Chemicals?
In Vitro Assays
The preceding section showed that tobacco smoke contains chemicals which interact with the monooxygenase system. This interaction can be beneficial if it produces nonbiologically active, polar metabolites which can be excreted from the body, or it can be detrimental if it results in intermediates with exceptional biological potency. Table  2 shows that lAI CSC fractions are metabolized by enzyme fractions from rat liver to forms mutagenic to tester strains TA1538 (25, 27) However, subsequent studies (Table 4 ) revealed a potentially important hindrance to the extrapolation of the foregoing studies to an in vivo situation. Mouse pulmonary tissue preparations, under conditions where BP is significantly metabolized to 3-OH-BP (see AHH levels), failed to significantly activate either 2A1 condensate or 6-aminochrysene (6-AC) to forms mutagenic to the TA98 tester strain. Under similar conditions both rat and mouse hepatic tissue could activate both 6-AC and the 2A1 CSC to mutagenic intermediates. However, the pulmonary S-9 preparations were capable of activating aflatoxin B1 (AFB,) (see Table 4 ), 7,8-dihydro-7,8-dihydroxybenzo(a)-8-diol pyrene-7, and 2-aminofluorene (2-AF) to mutagenic forms (Table 5) . Thus, the lung preparations were metabolically active by some measures, but did not activate 6-AC or CSC. That the tissue hypothetically at risk to tobacco-associated carcinogenesis seems unable to activate the tobacco smoke condensate allows many interesting interpretations which will be discussed in the last section of this report.
In Vivo Studies
Tobacco smoke condensate fractions have been shown to ""promote" carcinogen-initiated skin tumors in mice (28, 29) . Table 6 demonstrates that at least some fractions from the 2A1 CSC are capable of acting synergistically with intratracheally instilled BP (with or without Fe203), resulting in a much higher incidence of lung cancers in BC3Fl mice; see Saffiotti (30) for discussion on use of Fe2O3 in pulmonary cancer model systems. BP alone (given every other week for 6 weeks) resulted in only one malignant tumor by 39 weeks after treatment out of a total of 82 treated animals (combining animals given 0.6 mg and 1.2 mg BP per treatment). The answers to this question are at best complex. The results of studies discussed in the previous sections can be somewhat difficult to reconcile. On the one hand, tobacco smoke contains chemicals that interact with hepatic mixed-function oxidases such as AHH, and this metabolism generates intermediates that are mutagenic and transforming in in vitro test systems. On the other hand, CSC is not activated to mutagenic forms by mouse-derived pulmonary tissues in vitro. Also, CSC material does not seem to efficiently cause lung tumors in vivo. Many interpretations are feasible. Perhaps the lack of activation is characteristic of mouse pulmonary tissue alone and cannot be generalized to other species. In point of fact, rat pulmonary tissue has been reported to activate certain smoke condensates to mutagenic forms (24) . However, both rat and human lung tissues have also failed to activate CSC material (24, 31) , and so the generality of the activation (or lack thereof) is still not understood. Second, the fact that hepatic tissue can activate these condensates suggests that tobacco material could be activated by this organ and, following that, the tissues at risk (e.g., lung) would be exposed to these active forms. Or third, the lung is at risk only for the effects of those chemicals in cigarette smoke capable of "promoting" the carcinogenic event that may be initiated by a myriad of environmental pollutants.
The first interpretation is difficult to assess because no lung cancer model animal system directly applicable to man is currently available. However, the kind of pulmonary lesions observed in mice following exposure to known chemical carcinogens, that is, bronchogenic squamous cell carcinomas, alveolar adenocarcinomas, and adenosquamous carcinomas, resemble lesions found in man (32, 33) . Some data suggest that the liver plays a major role in the eventual susceptibility of other organs to chemically-induced cancers (34) . However, no evidence is available to suggest that lung tissue is at risk from liver-metabolized chemicals. Evaluation of this alternative in vivo will be difficult because of the close liver/lung relationship.
The third interpretation is particularly intriguing and suggests that ""promotion" represents the real risk of cigarette smoke to lung tissue. This idea is consistent with the following facts: (a) tobacco smoke condensate is capable of "promoting" mouse skin carcinogenesis; (b) tobacco-smoke condensate can "promote" lung carcinogenesis in model animal systems (see Table 6 ); (c) the conditions of cigarette-smoke exposure that result in the highest risk of human lung cancer are quite similar to those that are most promotive in animal test systems; that is, frequent and relatively prolonged treatment; (d) the chemicals in cigarette smoke (particulate phase) that are known initiators of carcinogenesis may be too low in concentration [total = 400 ng/cigarette (35) ] to initiate significant transformation in vivo. The evaluation of whole cigarette smoke as a potential initiator and promoter of lung cancer in the inbred strains of mice is now being studied in our laboratory.
NOTE ADDED IN PROOF:
We have recently found that a pulmonary S-9 preparation from Aroclor 1254-induced mice is capable of weakly activating 6-AC to a bacterial mutagen with the use of a pour plate assay (2-3-fold over background). We have still not observed an increase in bacterial mutations using this S-9 preparation and 2AI cigarette smoke condensate.
